We search for the lepton flavor-violating τ → µγ decay using 29.7 million τ pairs accumulated by the Belle experiment. The main background sources are found to be τ pairs with τ → µνν decay and radiative µµ events. One event is observed in the signal region, while 2.5 ± 0.6 background events are expected. A preliminary upper limit Br(τ → µγ) < 6 × 10 −7 at the 90% confidence limit is obtained.
Introduction
Charged lepton flavor-violating decays, such as τ → µγ, eγ, µµµ and µ → eγ, are forbidden in the Standard Model (or highly suppressed even if we consider neutrino mixing). However, new physics beyond the Standard Model allows lepton flavor violation (LFV) decays. In supersymmetric models, left-right symmetric models and others [1] , the branching ratio of the τ → µγ decay, Br(τ → µγ), is predicted to be 10 5-6 times higher than Br(µ → eγ) because of the large τ mass. Also, some SUSY models predict Br ∼ O(10 −7 ), which can be reachable by B-factory experiments of high luminosity.
The current upper limit of Br(τ → µγ) is 1.1 × 10 −6 (90%CL), measured by the CLEO experiment [2] . Our first analysis with 10 fb −1 of data resulted in a slightly better upper limit of 1×10 −6 (90%CL) [3] . Also, the BaBar group recently reported an upper limit of 2.0 × 10 −6 (90%CL) using 56 million τ pairs at the ICHEP2002 conference [4] .
Data is accumulated with the Belle detector [5] at the KEKB accelerator [6] . KEKB is an asymmetric e + e − collider with a center-of-mass energy of 10.58 GeV. Its current peak luminosity is 7.4 × 10 33 cm −2 s −1 and the total integrated luminosity amounts to 89.6 fb −1 as of summer, 2002.
Here we present an analysis using 32.6 fb −1 of data, corresponding to 29.7 million τ pairs.
Event selection
In order to determine the selection criteria, a Monte Carlo (MC) simulation is performed using the KORALB generator [7] for τ -pair samples and a QQ generator [8] for other physics processes, as noted below. GEANT [9] is used for the full detector simulation. We prepare two kinds of τ pair samples: signal and τ -pair background, and several kinds of background samples: B 0 B 0 , B + B − , continuum, Bhabha, µµ and two-photon processes of eeee, eeµµ, eeuū/dd, eess and eecc.
In the signal MC samples, one τ decays to µγ and the other τ decays generically. The angular distribution of two-body τ → µγ decay is assumed to be uniform in the τ 's rest frame. A candidate event is required to be (µγ) + [(a charged particle but not µ) + (≥ 0γ) + missing], which we hereafter denote as "µ not µ" events. We therefore select events with "2 charged-tracks and ≥1 γ" with the expected accompanying missing momentum. Below, kinematical variables are defined in the laboratory frame, while those defined in the center-of-mass frame of the system are indicated with an index "CM". Two oppositely charged particles are required to have a transverse momentum of p t > 0.1 GeV/c and a momentum of p CM < 4.5 GeV/c to reject Bhabha and µµ background events. For the signal, a muon track is required to satisfy −0.819 < cos θ µ < 0.906 and p µ > 1.0 GeV/c, and to have a µ-probability of more than 0.90 from the K L /muon detector (KLM). The signal photon is selected by requir- ing −0.866 < cos θ γ < 0.956 and E γ > 0.5 GeV. The charged particle on the tag side is required to not be a muon within −0.819 < cos θ tag < 0.906. In order to remove the background from radiative µµ, two-photon and other non-τ processes, we apply the following criteria. The opening angle between the two charged particles be greater than 90 • , and for the missing particle, p miss > 0.4 GeV/c and 17 • < θ miss < 150 • .
To remove the τ -pair background, we demand the opening angle between the µ and γ of the signal candidate to be 0.4 < cos θ CM µγ < 0.8 and the opening angle between the charged particle in tag side and the missing momentum to be cos θ CM tag−miss > 0.4. The distributions for these variables are shown in Fig. 1 . A further selection is applied for the missing momentum (p miss ) and the missing mass squared (m 2 miss ) as p miss > −5m 2 miss − 1 and p miss > 1.5m 2 miss − 1, as shown in Fig. 2 . With these selections, the signal efficiency is evaluated to be 12.8% by MC and the remaining rate of background is 5.7×10 −6 for τ -pairs and 2 × 10 −6 for the radiative µµ.
The signal region on the M inv -∆E plane is determined using the signal MC while assuming a uniform background distribution around the signal peak, where M inv is the invariant mass of the µ-γ system and ∆E is the energy difference between the µ-γ system and the beam energy in the CM frame. Although we used a box shape to define the signal region in previous analysis, we now employ an elliptic shape in order to enhance the sensitivity, because the signal distribution has a tail due to the initial-state radiation and photon energy leakage from the CsI photon detector. Fig. 3 shows an ellipse with the highest signal-tobackground ratio for a total detection efficiency of 9.0%.
With all selections, 69 events remain within the regions called "Area", defined to be 1.5 < M inv < 2.0 GeV/c 2 and −0.5 < ∆E < 0.5 GeV. One event is observed in the signal region, as plotted in Fig. 3 .
Background estimate
It is not straightforward to use a sideband to estimate the background in the signal region, since it largely depends on the sideband allocation for small samples, especially in the case of a structural distribution.
The backgrounds from τ pairs distribute in the ∆E < 0 region, as shown in Fig. 4 , and could possibly contaminate the signal region. While a negligibly small portion of τ pairs is found at ∆E > 0, the data extend to 0 < ∆E < 0.2. Our study finds these to be radiative µµ events, one in which muon is not identified due to the KLM inefficiency. Fig. 4(b) shows the events that passed the same selection criteria as the signal, with the tagged track required to be a muon. We call these "µµ" events. The muon identification inefficiency is estimated to be about 8%.
The background rate is therefore calculated using
where N µ not µ (MC) is the number of "µ not µ" events estimated by MC. The background is mostly τ -pair background and a small portion of the continuum. N µµ (data) is the number of "µµ" events extracted from data. The last term is included to avoid double counting. The resultant background rates of the individual contributions in Eq.(1) are listed in Table 1 . Only 5 continuum events (8% in the Area) remain in "µ not µ" samples for 32.6 fb −1 luminosity in the Area, but outside of the signal region. The contribution of the fourth term is not significant. It is only 1.9% in the Area. A comparison between the number of the observed events and the expected backgrounds is given in Fig. 5 . The center box is the signal region used in the previous analysis. We find a good agreement between them. We observe 69 events with an expected background of 62.5 ± 3.5 events.
Comparisons of the ∆E and M inv distributions between data (dots) and the expected background (open histogram) are also shown in Fig. 6 . While a uniform distribution is seen for M inv , a two-bump structure is found in the ∆E distribution. The two bumps corresponds to τ pair backgrounds and radiative µµ processes. Fig. 7 shows the p µ and E γ distributions of the signal candidate for the same samples of Fig. 6 . Both bumps in the high-p µ and the low-E γ regions are due to the remaining radiative µµ samples. As can be seen in Figs. 6 and 7, the distributions of the expected backgrounds are very consistent with the data.
Result
In the signal region, we find one event, as shown in Fig. 3 . The number of background events is evaluated to be 2.5 ± 0.6. The upper limit is obtained using the Bayesian approach (following refs [2] , [10] and [11] ) with the equation
where s 0 is the upper limit on the signal at 90% confidence, b 0 is the number of expected back- ground events and n 0 is the number of observed events. We obtain s 0 = 4.1.
The systematic uncertainties of the detection efficiency are listed in Table 2 . The conservative and preliminary evaluation gives a 6.7% error in total.
Finally, we obtain a preliminary result for the upper limit of Br(τ → µγ) using 29.7 million τ pairs with =9.0% detection efficiency, as
Br(τ → µγ) < 6 × 10 −7 . 
